INTRODUCTION
============

Suprarenal aortic cross clamping (AXC) is usually employed during open aortic reconstruction (OAR) for pararenal abdominal aortic aneurysm or aortic occlusive disease with atherosclerotic disease/thrombus burden extending up to the renal arteries \[[@b1-vsi-35-55]\]. However, it can be fraught with complications if the suprarenal segment is shaggy or has aneurysmal changes. In such cases, supra-celiac aortic cross clamping (SCXC) is often utilized. While it can be done safely and effectively \[[@b2-vsi-35-55]--[@b5-vsi-35-55]\], it also can be accompanied by its own complications related to increased blood loss, coagulopathy, hemodynamic and cardiopulmonary disturbances and spinal cord ischemia \[[@b2-vsi-35-55]\]. Supra-mesenteric (superior mesenteric artery \[SMA\]) aortic cross clamping (SMXC) may be an excellent option in selected patients with suitable anatomy to minimize or avoid these complications \[[@b6-vsi-35-55]\].

AXC initiates hemodynamic disturbances resulting in ischemic injury to the organs distal to the clamp site and a most complex cascade of ischemia-induced humoral responses. Unclamping of the aorta causes hypotension, ischemia-reperfusion injury of organs and washout of mediators that suppress myocardial function and cause injury of remote organs such as the lungs \[[@b6-vsi-35-55]\]. The degree and extent of these hemodynamic and pathophysiologic disturbances are determined by the level and duration of AXC, as well as preoperative cardiac, pulmonary and renal functions \[[@b7-vsi-35-55]--[@b9-vsi-35-55]\].

While the most salient and uniform hemodynamic response to AXC is arterial hypertension, other effects include changes in filling pressures and cardiac output that are determined by clamp location. With SCXC, blood volume redistribution occurs from the splanchnic and nonsplanchnic vascular beds towards the heart \[[@b10-vsi-35-55],[@b11-vsi-35-55]\]. This increases the preload and blood volume to organs proximal to the supraceliac aorta. The increases in both preload and afterload with SCXC lead to an increased myocardial contractility and myocardial oxygen demand compared with infra-celiac aortic cross clamping (ICXC), which produces inconsistent hemodynamic responses. Blood volume may be redistributed to the heart, increasing the preload, or it may be redistributed to splanchnic circulation, without an increase in preload. The distribution of blood volume between the splanchnic and nonsplanchnic vasculature is determined by blood volume status, splanchnic vascular tone, depth of anesthesia, pharmacodynamics of the anesthetic, and other factors \[[@b7-vsi-35-55]\].

These differences in hemodynamic responses lead to different downstream effects and consequences. If the heart is incapable of responding with increased myocardial contractility after SCXC, cardiac decompensation follows with potentially grave intraoperative and postoperative consequences. ICXC does not necessarily mandate increased myocardial contractility and oxygen demand and therefore carries less risk of adverse coronary events than SCXC \[[@b12-vsi-35-55],[@b13-vsi-35-55]\]. Since patients requiring OAR often have concomitant coronary artery disease with limited coronary reserve, avoiding SCXC is desirable when anatomically and technically feasible.

Another benefit of SMXC is preservation of hepatic blood flow. Hepatic ischemia may induce disseminated intravascular coagulopathy \[[@b14-vsi-35-55]\], depletion of clotting factors from hepatocyte necrosis \[[@b15-vsi-35-55]--[@b17-vsi-35-55]\], microscopic intravascular thrombosis \[[@b18-vsi-35-55]\], primary fibrinolytic pathway activation secondary to reduction of tissue plasminogen activator clearance \[[@b19-vsi-35-55],[@b20-vsi-35-55]\] and consumptive coagulopathy \[[@b18-vsi-35-55],[@b21-vsi-35-55]\].

Humoral responses to ischemia and ischemia-reperfusion injury include a cascade of events: activation of the reninangiotensin system, release of catecholamines and discharge of the sympathetic nervous system, release of oxygen free radicals, prostaglandins, endotoxins, cytokines (both pro-and anti-inflammatory) and other mediators. The degree and extent of these responses are, again, dependent on the level of AXC. Visceral ischemia causes a marked increase in systemic levels of the cytokines including tumor necrosis factor α, interleukin (IL)-6, IL-8 and IL-1 \[[@b22-vsi-35-55],[@b23-vsi-35-55]\], which in turn is associated with a higher incidence of mortality and multisystem organ dysfunction.

Furthermore, it may also contribute to pulmonary injury. In an experimental model, severe pulmonary damage was induced by release of a large amount of xanthine oxidase, altering capillary membrane integrity and resulting in pulmonary injury \[[@b24-vsi-35-55]\]. Clinical benefits of shunting of the celiac axis and SMA during thoracoabdominal aortic repair have also been reported \[[@b25-vsi-35-55],[@b26-vsi-35-55]\].

Celiac blood flow may be compromised to a certain extent with SMXC (akin to up to 30% reduction in renal blood flow with infrarenal AXC). Nonetheless, in patients with suitable anatomy, preservation of hepatic blood flow during OAR with SMXC may be preferred to SCXC so as to minimize/avoid hepatic ischemia-induced coagulopathy, undue myocardial stress and other remote organ injury \[[@b1-vsi-35-55]\]. Essential anatomic suitability to perform SMXC includes 1) a minimum distance of 8 mm between the SMA and celiac axis; 2) no radiological or intraoperative evidence of aneurysmal degeneration, thrombus or calcification at the clamp site. It is preferable that the gastroduodenal arcade is intact.

TECHNIQUE
=========

There are three different approaches to the paravisceral aorta: retroperitoneal, transperitoneal retropancreatic and transperitoneal medial visceral rotation. In this report, the discussion will be limited to the transperitoneal retropancreatic approach.

Via a midline trans-peritoneal incision, the infrarenal aorta is exposed in a standard fashion by reflecting the transverse colon superiorly and the small bowel to the right. It is better to divide and ligate the para-aortic tissue with silk ligature, rather than with electrocautery, so as to prevent lymphatic leak and chylous ascites formation. The left renal vein (LRV) may be divided or mobilized free. If it is to be divided, it should be divided to the right of the adrenal vein. It is the authors' preference not to divide the vein. In that case, the LRV is fully mobilized by dividing the left adrenal and lumbar veins; rarely the left gonadal vein division is required ([Fig. 1](#f1-vsi-35-55){ref-type="fig"}). If LRV division is still required after these maneuvers, the vein is divided between clamps and reanastomosed upon completion of the procedure with a 5-0/6-0 Prolene suture. Bilateral renal arteries are isolated and dissected free.

The pancreas is retracted (using a renal vein retractor of Omni retractor system) antero-superiorly and dissection continued along the anterior aspect of the suprarenal aorta at 1 o'clock orientation towards the SMA. The surgeon should be cognizant of the location of the SMA throughout this portion of the operation by localizing it with either finger palpation or continuous wave Doppler in order to avoid injury to the SMA. The periaortic tissue, including the dense autonomic ganglia along the anterolateral surface of the aorta is divided with care taken to avoid injury to the SMA. Once the SMA is reached at its origin, it is encircled with a vessel loop. Dissection is continued cephalad at 1 o'clock along the supra-SMA aorta. The left crus of the diaphragm is divided with electrocautery to facilitate exposure of the paravisceral aorta. The aorta is retracted to the right using a sucker to avoid injury to the aorta ([Fig. 2](#f2-vsi-35-55){ref-type="fig"}). This allows sufficient room for eventual placement of an aortic clamp and mobilization of the aorta to the left of the patient. Dissection at the supra-SMA aorta is then continued to the right side of the aorta. Blunt dissection using a small suction tip is most helpful. The plane of dissection is kept along the anterior aspect of the aorta and continued to the right side of the aorta between the aorta and the right crus of the diaphragm. With the left crus being divided, the aorta is easily mobilized to the left and enough room is created for clamp placement. On rare occasion, the right crus division is needed to create room for clamp placement. By continuing the dissection proximally, it is also possible in thin patients to reach the celiac axis and the supraceliac aorta ([Fig. 3A, B](#f3-vsi-35-55){ref-type="fig"}).

Distal control is obtained at the desired level, whether it be at the iliac or femoral arteries. After systemic heparinization, clamps are placed where it is non-diseased (no thrombus burden) so as to minimize the risk of distal atheroembolization. The aortic reconstruction is then performed in the standard fashion ([Fig. 3C](#f3-vsi-35-55){ref-type="fig"}, [4](#f4-vsi-35-55){ref-type="fig"}).

CONCLUSION
==========

SCXC is often utilized during aortic reconstruction for pararenal abdominal aortic aneurysm and occlusive disease extending up to the renal arteries. However, this may be accompanied by hepatic ischemia-induced coagulopathy, hemodynamic and cardiopulmonary disturbances, myocardial stress and spinal cord ischemia. Supra-SMA AXC may be an excellent option in selected patients with suitable anatomy to minimize or avoid these complications. Vascular surgeons should be familiar with this transperitoneal retropancreatic approach to the SMA, which may help avoid complications associated with SCXC.
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![(A) The superior mesenteric artery (SMA), right renal artery (RRA) left renal artery (LRA) are encircled with vessel loops and left renal vein (LRV) with a yellow plasma tubing. An aortic clamp is positioned on supra-mesenteric aorta. (B) In the same patient, the LRV is retracted with a renal retractor blade and aortic cross clamp applied on the supra-mesenteric aorta providing uninhibited access to the pararenal aorta.](vsi-35-55f1){#f1-vsi-35-55}

![The left crus of the diaphragm is held between a pair of forces before it is divided with electrocautery, while the aorta is pushed to the right using a sucker tip to avoid any thermal injury to the aorta. SMA, superior mesenteric artery; LRV, left renal vein.](vsi-35-55f2){#f2-vsi-35-55}

![(A, B) Both the superior mesenteric artery (SMA) and celiac axis are isolated and dissected free. Red loops encircle the bilateral renal arteries. (C) Surgical graft is in place.](vsi-35-55f3){#f3-vsi-35-55}

![(A) The paravisceral aorta and superior mesenteric artery (SMA) are exposed by a transperitoneal retropancreatic approach. (B) Pararenal aortic endarterectomy is performed via a longitudinal aortotomy which is closed primarily (arrow). The aortic clamp was moved down to the infrarenal aorta, the aorta transected and a prosthetic graft sewn in end-to-end.](vsi-35-55f4){#f4-vsi-35-55}
